Objective. To investigate the influence of expectancy of pain intensity, fear of pain (trait), and fear (state) on the effectiveness of hidden and open conditioning to produce placebo analgesia.
Introduction
Classical conditioning without verbal suggestions can produce placebo analgesia [1] [2] [3] [4] . There are two ways to conduct a conditioning procedure-by informing or not informing participants about the relationship between the placebo (which serves as a conditioned stimulus) and the active substance or procedure (which serves as an unconditioned stimulus). When participants are aware of the relationship, this is called open conditioning, and when they are not aware of it, it is referred to as hidden conditioning.
Two important distinctions must be made here. First, there is an essential difference between informing participants about the character of a placebo (e.g., analgesic, hyperalgesic, or neutral) and informing them about the manipulation of pain levels, that is, that the conditioning procedure is being applied. When participants are informed that a placebo is an active treatment, the effects of conditioning are usually stronger compared with the use of conditioning without verbal suggestions [3, 5, 6] . However, when they are informed that the level of pain is being manipulated during the conditioning procedure, there is a weaker effect or no effect, compared with the effect of hidden conditioning [2, [7] [8] [9] . Second, hidden vs open conditioning is a different distinction than hidden vs open treatment [10, 11] . The first distinction applies to types of conditioning, whereas the second applies to treatment, with patients being either informed or not that they are undergoing a medical treatment [12] [13] [14] [15] [16] .
Only four studies have been conducted in which both open and hidden conditioning procedures were used to induce placebo or nocebo effects [2, [7] [8] [9] . Those studies showed that hidden conditioning produces a significant placebo effect [2, 8, 9] , whereas open conditioning elicits a lesser effect or no effect [2, [7] [8] [9] . However, the results of those studies are not conclusive about the role of open and hidden conditioning in shaping placebo effects. Thus, the first aim of our study was to compare the magnitude of the placebo analgesia induced by hidden and open conditioning. It was hypothesized that the magnitude of the placebo analgesia induced by hidden classical conditioning would be greater than the magnitude of the placebo analgesia induced by open classical conditioning, if it was induced in the latter case at all.
The distinction between hidden and open conditioning may be crucial for the debate about the role of expectancies in placebo and nocebo effects [17] . According to the model of Benedetti and colleagues [10] , conditioning may work through the mediation of conscious expectancies or without the mediation of conscious expectancies. From that viewpoint, the main difference between hidden and open conditioning may be the role of consciousness. While hidden conditioning can create conscious expectancies, which are self-reported [18] , open conditioning may not involve expectancies. This is in line with the results of previous studies in which only participants in the hidden conditioning group expected less pain on placebo trials than on nonplacebo trials [2] and hidden conditioning had no effect on the placebo analgesia induced by verbal suggestions when expectancy was controlled [8] . On the other hand, although expectancy predicted placebo analgesia, this finding was based on the results across all participants, without distinguishing between the hidden and open conditioning groups [2] . Thus, an investigation of hidden vs open conditioning could be a way to disentangle conditioning and expectancies. Thus, our second aim was to investigate the role of expectancy of pain intensity in both hidden and open conditioning. We hypothesize that expectancy of pain intensity would be involved in the placebo analgesia induced by hidden conditioning but not open conditioning.
The final aim of the study was to determine the role of fear as a state (hereafter referred to as fear) and fear as a trait (hereafter referred to as fear of pain) in shaping the placebo analgesia induced by hidden and open conditioning. It has been found that high fear of pain seems to be related to reduced placebo analgesic responding [19, 20] and that fear can abolish [21] the placebo effects induced by verbal suggestion. The only study that has been conducted to investigate the role of fear in placebo effects induced by open and hidden conditioning found that fear predicted placebo analgesia to some degree [2] . However, this result was based on the pooled results of all the participants, without distinguishing between the hidden and open conditioning groups. We hypothesized that high fear of pain will reduce the magnitude of the placebo analgesia induced by classical conditioning. Moreover, we hypothesized that fear would be involved in the placebo analgesia induced by hidden conditioning rather than open conditioning.
Methods

Participants
A total of 90 female volunteers (mean age ¼ 23.51 6 2.72 years; range ¼ 18-35 years) participated in the study (Table 1) . They were recruited by announcements and received a financial reward for their participation. A total of 591 volunteers applied to participate in the study. Before inclusion in the study, all the volunteers underwent online screening based on criteria proposed by Gierthmü hlen and collaborators [22] . They have proposed the list of items that should be considered when including healthy participants in the studies. They argue that using the proposed criteria of health will increase certainty that participants are really healthy and that obtained results are not influenced by uncontrollable factors related to health. Moreover, they argue that common use of these criteria may help researchers to compare their results with others and improve the quality of studies. In the current study, the proposed criteria were used rigorously to reduce confounding factors affecting sensory functioning of healthy participants to a minimum. In effect, a large number of volunteers were excluded from the study.
The basic screening consisted of a set of questions concerning general health. The Hospital Anxiety and Depression Scale (HADS) [23] was used to exclude people with emotional disorders. A total of 448 volunteers were excluded from the study because they met at least one of the following criteria: 1) younger than age 18 years or older than age 35 years; 2) previous participation in a pain study; 3) pain complaints during the last three months; 4) taking painkillers; 5) intake of any regular medication including nonprescription drugs; 6) using illegal drugs including cannabis; 7) overusing tobacco and alcohol; 8) presence of or history of any neurological, respiratory, circulatory, musculoskeletal, metabolic, and/or psychiatric disorders; or 9) current symptoms of anxiety and/or depression. A total of 103 eligible people who met the selection criteria were randomly assigned to one of three groups: hidden conditioning, open conditioning, or the control group.
Participants were informed that the aim of the study was to investigate responses to electrical stimulation and that they would receive a series of electrical stimuli during the study. They were also informed that they could stop participating at any point during the study without providing a reason for their withdrawal. After having read the description of the study's procedure, participants gave their informed written consent to participate in the experiment. The study protocol was approved by the Research Ethics Committee at the Institute of Psychology of Jagiellonian University.
Stimuli
Transcutaneous electrical stimuli were delivered to the volar surface of the nondominant forearm through two durable stainless steel disk electrodes that were 8 mm in diameter and spaced 30 mm apart. The electrical stimuli were square pulses with a duration of 200 ls delivered by the Constant Current High Voltage Stimulator (Model DS7AH; Digitimer, Welwyn Garden City, England). The intensity of the electrical stimuli was established individually for each participant according to a calibration procedure (see below) in which the level of nonpainful tactile sensation (t) and the pain threshold (T) were determined. The intensity of the electrical stimuli, paired with the conditioned stimulus, was set at [t þ 0.8 Â (T -t)] mA. The formula [t þ 0.8 Â (T -t)] was used to ensure that the stimulus resulted in a clear tactile but nonpainful sensation. The coefficient 0.8 and the formula were established on the basis of the results of a preliminary study and were necessary to avoid the use of transcutaneous electrical stimuli that would be below the tactile threshold, that is, undetectable by the participants. Stimuli of the intensity of 1.5 Â T mA served as the control stimuli. All participants received a total of 96 stimuli, excluding the calibration phase.
The electrical stimuli were delivered during the presentation of light stimuli, which were presented in full-screen mode on a computer screen (17 00 , resolution 1,280 Â 1,024) facing the subject at a distance of approximately 50 cm. Two colors of light stimuli were used: blue and orange. Either the blue or the orange color acted as a conditioned or control stimulus. The colors of the light stimuli were counterbalanced in two ways. For half of the participants, the blue light was a conditioned stimulus as it preceded a less painful stimulus and the orange light was a control stimulus. For the remaining half of the participants, the colors of light stimuli were reversed: blue was a control stimulus and orange was a conditioned stimulus. Half of the participants started with a blue light, and the other half started with an orange light as the first light presented on the computer screen.
Measures
The participants rated pain intensity, expectancy of pain intensity, and fear using an 11-point numeric rating scale (NRS). The scales for pain intensity and expectancy of pain intensity ratings ranged from 0 ¼ "no pain" to 10 ¼ "the most pain that is tolerable." Fear was rated on a scale ranging from 0 ¼ "not at all" to 10 ¼ "very much."
All participants were tested before the experimental session with the Fear of Pain Questionnaire (FPQ-III) [24] , which was used to measure the general level of fear associated with pain. The FPQ-III is a 30-item selfreport measure. Each item is rated on a five-point Likert scale ranging from 1 ¼ "not at all" to 5 ¼ "extreme." The questionnaire consists of three subscales, each of which has 10 items: severe pain (e.g., "being in an automobile accident"), minor pain (e.g., "biting your tongue while eating") and medical pain (e.g., "having a blood sample drawn with a hypodermic needle"). The range of scores for each subscale is 10 to 50, yielding a total score range of 30 to 150. A higher score indicates a greater fear of pain. The FPQ-III has good internal consistency (total scale ¼ 0.92, severe pain ¼ 0.88, minor pain ¼ 0.87, and medical pain ¼ 0.92) and testretest reliability (total scale ¼ 0.74, severe pain ¼ 0.69, minor pain ¼ 0.73, and medical pain ¼ 0.76) [24] .
At the end of the experiment, participants in the control group and the hidden conditioning group were asked to answer questions designed to determine if they had figured out the contingency between the light stimulus and pain intensity.
Design and Procedure
The experimental session consisted of three phases: calibration, conditioning, and testing ( Figure 1 ). 
Calibration Phase
Calibration was conducted to determine the intensity of the painful stimuli (paired with control stimuli) and the nonpainful stimuli (paired with conditioned stimuli) individually. The calibration procedure was based on the method of limits applied in previous studies in which electrical stimulation was used to induce pain [25, 26] . First, t and T were determined as follows. Ascending series of stimuli were delivered in steps of 0.5 mA (the interstimulus interval was five seconds), starting from 0 mA. The intensity of the electrical stimulus was gradually increased until a participant reported the first nonpainful tactile sensation (t). The intensity was further increased until a participant reported that the sensation had become painful (T). The average values of t and T were calculated to determine the stimulus intensity for the conditioning procedure.
Conditioning Phase
The conditioning phase started five minutes after the calibration phase was completed. A total of 72 electrical stimuli were delivered in four blocks of 18 stimuli each, with a two-minute break between blocks. The stimuli were delivered in a pseudorandom sequence-half of the stimuli in each block were painful (1.5 Â T mA) and the remaining half were nonpainful ([t þ 0.8 Â (T-t)] mA). A blue or orange light was presented on the computer screen before each electrical stimulus was applied in the hidden conditioning group. One of the colors was paired with painful stimuli and the other with nonpainful stimuli. Participants were not informed about this association. The participants rated pain intensity, expectancy of pain intensity, and fear only during the second and fourth blocks of the conditioning phase. Immediately after the electrical stimulus was applied, a slide with the Calibration Determination of "T" and "t" Participants assigned to each of the three experimental groups received sets of electrical stimuli during three successive phases of the experimental session, that is, calibration, conditioning, and testing. Participants in the open conditioning group were informed before the conditioning phase that one of the colors (blue, in this example) was related to the lower intensity of electrical stimuli (VSþ), and before the testing phase they were informed that colors were no longer related to the intensity of the electrical stimuli (VS-). Participants in the hidden conditioning group and control group did not receive any verbal suggestions. *Data from 13 participants were not included in final analysis because they either guessed the study's aim, figured out the contingency between the light stimulus and pain intensity, or they did not follow the study instructions. HADS ¼ Hospital Anxiety and Depression Scale; t ¼ nonpainful tactile sensation; T ¼ pain threshold.
NRS for the pain intensity rating was shown for six seconds. The background of the slide was lit in the same color as the one that preceded the electrical stimulus. The NRS for the expectancy of pain intensity and fear ratings were displayed before application of the electrical stimuli, during the presentation of the light stimuli. The NRS was shown after two seconds of the presentation of the light alone, which lasted for six seconds, followed by four seconds of the light alone (Figure 2 ). The electrical stimulus was delivered during the last two seconds of the light presentation. In summary, each light stimulus was presented for 12 seconds. For each of the two blocks, one-third of the stimuli were presented with the NRS for pain intensity rating, one-third with the NRS for the expectancy of pain intensity rating, and one-third with the NRS for the fear rating (Figure 2 ).
The procedure was the same in the open conditioning group as it was in the hidden conditioning group; however, only participants in the open group were told at the beginning of the conditioning phase which color of light stimuli would precede more intensive electrical stimuli and which color of light stimuli would be related to less intensive electrical stimuli. However, none of the participants were informed of why there were lights or why they were not all the same color.
The procedure for the control group was similar to that used with the hidden conditioning group. The only difference was that the intensity of the electrical stimuli was always set at 1.5 Â T mA, regardless of the color of the light stimuli (blue and orange). Applying only one level of stimuli, that is, 1.5 Â T mA, allowed us to control for nonassociative learning effects (sensitisation and habituation) and the effects of colors on pain perception. Such designed control groups were used in previous studies in which placebo analgesia was induced by classical conditioning [25, 27] .
Testing Phase
The testing phase began two minutes after the conditioning phase was completed. At the beginning of the testing phase, participants in the open conditioning group were informed that electrical stimuli would be preceded by light stimuli as before, but the intensity of the Figure 2 Experimental procedure using an example of the hidden conditioning group with a blue (shown as darker in the figure) light serving as a conditioned stimulus. A) The course of the procedure: There were four blocks of conditioning trials, two of them with pain intensity, expectancy of pain intensity, and fear ratings (blocks 2 and 4) and two without any ratings (blocks 1 and 3). Each conditioning block consisted of the application of 18 electrical stimuli. Blue lights (blue vertical bars) served as conditioned stimuli (nonpainful intensity), while orange lights served as control stimuli (painful intensity). During the testing phase, 24 stimuli of the same painful intensity were applied, regardless of the color of the preceding light. B) Depiction of the design of a single trial: A colored light was presented for 12 seconds. For each block, one-third of the lights were displayed with the numeric rating scale (NRS) for the expectancy of pain intensity rating, one-third were displayed with the NRS for the fear rating, and one-third were displayed without any scale. In the latter case, a slide with the NRS for pain intensity rating was shown for another six seconds immediately after the electrical stimulus (depicted by red lightning) was applied.
electrical stimulation would not be related to the color of the light. They were informed that they would no longer be able to predict the intensity of the electrical stimuli based on the light preceding the electrical stimuli. Participants in the hidden conditioning group and control group did not receive any additional verbal information. The testing phase consisted of 24 control stimuli (1.5 Â T mA) preceded by 12 orange and 12 blue light stimuli presented in a pseudorandom sequence. Pain intensity, expectancy of pain intensity, and fear ratings were performed similarly to the way they were in the second and fourth blocks of the conditioning phase, with one exception-pain was rated 12 times, while expectancy of pain intensity and fear were rated six times (Figure 2 ).
Statistical Analysis
Data from 13 participants were not included in the final analyses. Six of them (four from the hidden conditioning group and two from the control group) guessed the aim of the study. For the purpose of the study, it was crucial that only participants in the open conditioning group were aware of the contingency between pain and light stimuli. An additional three people were excluded from the control group because they declared that there was a contingency between the light stimulus and pain intensity although in fact no contingency was present in that group. Data from four people from the hidden conditioning group were not included in the analyses because of coffee intake prior to experimental session (one participant) or because they failed to respond to the NRS scales on time during the experiment (three participants). As a result, each group consisted of 30 participants (Figure 1 ).
Baseline differences in age, pain threshold, tactile threshold, height, and body mass were analyzed by one-way analysis of variance (ANOVA), with experimental group as a between-subject factor. To control for differences in pain, pain intensity ratings from the conditioning phase of the study were compared using a repeated-measures ANOVA design, with experimental group (hidden conditioning, open conditioning, and control group) as a between-subject factor and condition (conditioned and control stimuli) as a within-subject factor. The F tests were followed by post hoc comparisons for manipulation check. Differences between conditioned vs control stimuli (hidden and open conditioning groups) and blue-control vs orange-control stimuli (control group) were tested in post hoc comparisons.
In order to verify hypotheses, data from the testing phase of the study were analyzed. Statistical comparisons were performed using a repeated-measures ANOVA design, with experimental group (hidden conditioning, open conditioning, and control group) as a between-subject factor and condition (conditioned and control stimuli) as a within-subject factor. Separate ANOVAs were conducted for each dependent variable: pain intensity, expectancy of pain intensity, and fear. The F tests were followed by within-group planned comparison tests: conditioned vs control stimuli in the 1) hidden and 2) open conditioning groups, and bluecontrol vs orange-control stimuli in the 3) control group.
In the next step of the analyses, three between-group planned-comparison tests were performed. 1) To determine whether the placebo analgesia was induced in the hidden conditioning group, the mean difference in pain intensity ratings between conditioned and control stimuli from the hidden conditioning group was compared with the mean difference between two control (blue and orange) stimuli from the control group. 2) Similarly, to determine whether the placebo analgesia was induced in the open conditioning group, the mean difference in pain intensity ratings between conditioned and control stimuli from the open conditioning group was compared with the mean difference between two control (blue and orange) stimuli from the control group. 3) To test whether the magnitude of placebo analgesia is greater in the hidden conditioning group than in the open conditioning group, the mean difference in pain intensity ratings between conditioned and control stimuli from the hidden conditioning group was compared with the mean difference between conditioned and control stimuli from the open conditioning group. Separate analyses were conducted for each of the three dependent variables: 1) pain intensity, 2) expectancy of pain intensity, and 3) fear.
Forward stepwise multiple regression was performed to determine the degree to which the placebo analgesia was predicted by expectancy of pain intensity, fear, or fear of pain. To do this, the mean difference in pain intensity ratings between conditioned and control stimuli in the testing phase (i.e., placebo analgesia) was set as the dependent variable, while the 1) fear of pain, 2) mean differences in the fear ratings, and 3) mean differences in the expectancy of pain intensity ratings between conditioned and control stimuli in the testing phase served as independent variables. Separate analyses were performed in each of the three study groups. The three predictors were tested in each of the regression analyses.
All the analyses were conducted using STATISTICA data analysis software, version 12 (StatSoft Inc., Tulsa, OK, USA). The level of significance was set at a P value of less than 0.05. Table 1 shows the characteristics of the participants by experimental group. No significant differences were observed in participant characteristics across the three groups ( The descriptive statistics for all the analyzed variables are presented in Table 2 .
Results
Manipulation Check
ANOVA of the pain intensity ratings from the conditioning phase revealed a statistically significant main effect of condition (F (1, 87) ¼ 129.74; P < 0.001; g 2 ¼ 0.60) and an interaction between experimental group and condition (F (2, 87) ¼ 33.65; P < 0.001; g 2 ¼ 0.44). No significant main effect of experimental group was found. Post hoc tests revealed that there were no differences in pain intensity ratings for control stimuli across experimental groups, indicating that pain produced by control stimuli was rated similarly among experimental groups. However, conditioned stimuli were rated as less painful (0.43 6 0.54) compared with control stimuli (3.02 6 1.76) in the open conditioning group (P < 0.001), and conditioned stimuli were rated as less painful (0.69 6 0.78) compared with control stimuli (2.92 6 2.16) in the hidden conditioning group (P < 0.001), indicating that participants discriminated between more and less painful stimuli in both experimental groups. In the control group, there was no difference in pain intensity ratings for control stimuli associated with one color (i.e., orange, 2.22 6 1.59) compared with control stimuli associated with the other color (i.e., blue, 2.21 6 1.66).
Placebo Analgesia
ANOVA of the pain intensity ratings from the testing phase of the study revealed a statistically significant main effect of condition (F (1,87) ¼ 5.55; P < 0.05; g 2 ¼ 0.06) and an interaction between experimental group and condition (F (2,87) ¼ 3.52; P < 0.05; g 2 ¼ 0.08). Within-group planned comparisons on the pain intensity ratings of conditioned vs control stimuli revealed a statistically significant difference only in the hidden conditioning group (F (1,87) ¼ 12.43; P < 0.001; g 2 ¼ 0.12).
Between-group planned comparison of the difference in pain intensity ratings between conditioned and control stimuli from the hidden conditioning group compared with the difference in pain intensity ratings between blue-control and orange-control stimuli from the control group revealed a statistically significant effect (F (1,87) ¼ 5.97; P < 0.05; g 2 ¼ 0.06). In addition, betweengroup planned comparison of the difference in pain intensity ratings between conditioned and control stimuli from the hidden conditioning group compared with the difference from the open conditioning group also revealed a statistically significant effect (F (1,87) ¼ 4.56; P < 0.05; g 2 ¼ 0.05), indicating that the placebo analgesia found in the hidden conditioning group was stronger than the effect found in the control group and the open conditioning group. No significant differences were found within or between the control and open conditioning groups (Table 3 and Figures 3 and 4) . In general, placebo analgesia defined as a difference in pain intensity ratings between mean conditioned and control stimuli in the testing phase of the study was found in 14 participants in the hidden Table 2 Descriptive statistics for all the analyzed variables from the testing phase of the study: means (and standard deviations) Group 
Expectancy
No statistically significant main effects of experimental group or condition were found on the expectancy of pain intensity ratings. However, ANOVA revealed a statistically significant interaction between experimental group and condition (F (2,87) ¼ 10.91; P < 0.001; Between-group planned comparison of the difference in expectancy of pain intensity ratings between conditioned and control stimuli from the hidden conditioning group compared with the difference in expectancy of pain intensity ratings between blue-control and orangecontrol stimuli from the control group revealed a statistically significant effect (F (1,87) ¼ 11.70; P < 0.001; g 2 ¼ 0.12), indicating that the expectation of lower pain intensity in relation to conditioned stimuli was stronger in the hidden conditioning group than in the control group. In addition, between-group planned comparison of the difference in expectancy of pain intensity ratings between conditioned and control stimuli from the hidden conditioning group compared with the difference from the open conditioning group showed a statistically significant effect (F (1,87) ¼ 19.94; P < 0.001; g 2 ¼ 0.20), indicating that the expectation of lower pain intensity in relation to the conditioned stimuli was stronger in the hidden than in the open conditioning group. No significant differences were found within or between the control and open conditioning groups (Table 4 and Figure 4 ).
Fear
ANOVA of the fear ratings revealed statistically significant main effects of condition (F (1,87) ¼ 3.81; P < 0.05; g 2 ¼ 0.04), indicating that conditioned stimuli were rated as less fearful than control stimuli. Within-group planned comparisons of the fear ratings of conditioned vs control stimuli revealed a statistically significant difference only in the hidden conditioning group (F (1,87) ¼ 6.12; P < 0.01; g 2 ¼ 0.07).
Between-group planned comparison of the difference in fear ratings between conditioned and control stimuli from the hidden conditioning group compared with the difference in fear ratings between blue-control and orange-control stimuli from the control group revealed a statistically nonsignificant trend (F (1,87) ¼ 3.27; P < 0.07; g 2 ¼ 0.04). No significant differences were found within or between the control and open conditioning groups (Table 5 and Figure 4) .
Predictors of the Placebo Analgesia
Significant predictors were found only in the hidden conditioning group. In the first step of the forward stepwise multiple regression analysis, the difference in fear ratings was a significant predictor (b ¼ 0.83; P < 0.001), accounting for a significant portion of the variance in the placebo analgesia (COR R 2 ¼ 0.68; P < 0.001). In the second and final step, the difference in fear ratings (b ¼ 0.87; P < 0.001) and fear of pain scores (b ¼ -0.12; P > 0.05 accounted for a similar portion of the variance (Table 6) . No other regression model to predict the placebo analgesia was statistically significant, indicating that neither the difference in expectancy of pain intensity nor the difference in fear ratings and fear of pain scores was able to predict the differences in pain intensity ratings in the other groups (Table 6 ).
Discussion
Placebo analgesia was induced only by the hidden conditioning procedure. The participants who underwent this procedure expected less pain and experienced less fear in relation to conditioned stimuli than to control stimuli. Our study revealed that state of fear rather than expectancy of pain intensity did predict differences in pain, that is, placebo analgesia. We did not find any evidence that dispositional fear of pain measured by the FPQ-III was involved in placebo analgesia.
Hidden and Open Conditioning
Placebo analgesia was found only in the hidden conditioning group. Thus, the results of our study suggest that hidden conditioning is more effective in inducing placebo analgesia than open conditioning is. This result is in line with previous findings showing that the placebo effect can be induced by a conditioning procedure when participants are not informed about the relationship between placebo and pain intensity [1] [2] [3] [4] . We did not observe placebo analgesia in the open conditioning group. This is consistent with the results of previous studies, in which open conditioning induced neither a placebo [2,9] nor a nocebo effect [7] , or did not find any effect on placebo analgesia induced by verbal suggestions [8] . Although our study supports the results of previous studies [2,7-9], its design was significantly different. First, we used colored light as a conditioned stimulus, whereas previous studies used placebo creams [2, [7] [8] [9] . Second, we did not inform our participants about the nature of the conditioned stimulus, whereas participants in previous studies were informed either that the placebo was an analgesic [8, 9] or an inactive cream [2, 7, 9] . Third, after the conditioning procedure was completed, we informed our participants that the colors of the lights were no longer associated with the levels of pain stimuli during the testing phase, whereas participants in previous studies were informed that pain stimulation was equal in both the conditioned and control trials [2, 7, 8] . Despite those methodological differences, we observed similar results. The fact that open conditioning failed aligns with the current state of knowledge concerning the role of verbal information on classical conditioning. It is a well-known fact that after conditioning, extinction can be produced by informing participants that the contingencies are no longer in effect, without any actual extinction trials that could change or reverse the classically conditioned associations [28] [29] [30] [31] . This is what might have happened in our open conditioning group.
Expectancy
Hidden but not open conditioning had an effect on expectancy of pain intensity ratings; that is, only in the hidden conditioning group did participants expect less pain in relation to the conditioned stimuli than the control stimuli. This is in keeping with one of the previous studies, in which open conditioning did not have an effect Figure 3 Mean pain intensity ratings during the conditioning and testing phases of the study (separated by vertical dotted lines) in the A) hidden conditioning group (conditioned bs control stimuli), B) open conditioning group (conditioned vs control stimuli), and C) control group (orange vs blue stimuli). Although the conditioning phase consisted of 72 electrical stimuli, which were divided into four blocks of 18 stimuli, the participants rated pain intensity in only one-third of the trials during the first and the third blocks of stimuli. In the testing phase of the study, which consisted of 24 control stimuli, pain intensity was rated 12 times. Error bars represent the SE. NRS ¼ numeric rating scale. Although hidden conditioning had an effect on expectancies, the differences in expectancy of pain intensity ratings in relation to conditioned stimuli and control stimuli did not predict the differences in pain intensity ratings, that is, placebo analgesia. This may seem to be inconsistent with the results of previous studies in which expectancy predicted placebo analgesia [2] and hidden conditioning had no effect on the placebo analgesia induced by verbal suggestions when expectancy was controlled [8] . However, in the first study, in which expectancy predicted placebo analgesia, this finding was based on the results across all participants, without distinguishing between the hidden and open conditioning groups [2] . Moreover, fear was not controlled in the latter study, so it is possible that if it had been added to the regression model, expectancy would not have been a significant predictor or would not have explained placebo analgesia, as emphasized by the results of our study.
Fear of Pain (Trait) and Fear (State)
Hidden conditioning had an effect on fear ratings. Participants in the hidden conditioning group not only expected less pain but also experienced less fear in relation to the conditioned stimuli than the control stimuli.
In the open conditioning group, no significant differences in fear ratings were found.
Moreover, differences in fear ratings predicted the differences in pain intensity ratings, that is, placebo analgesia. This finding is consistent with the results of the two previous studies showing that fear (state) may be a predictor of placebo analgesia. The first of the two studies proved that fear induced after the administration of a placebo can disrupt or even completely abolish the placebo effect induced by verbal suggestions [21] . The second study has shown that fear can also contribute to the placebo effect induced by classical conditioning [2] . However, the latter study's findings were based on the pooled results from all the participants, without making a distinction between the hidden and open conditioning groups. Our study clarified this result, showing that fear predicted placebo analgesia induced by hidden conditioning.
Previous studies have also shown that dispositional fear of pain was related to placebo analgesia [19] [20] [21] .
The results of these studies revealed that higher fear of pain was associated with lower placebo responding. However, our study did not find evidence that fear of pain was involved in placebo analgesia. We do not exclude the possibility that high dispositional fear may have a moderating effect on placebo analgesia. The differences in the findings of the previous studies and the current study may result from the differences in the study designs. We induced placebo analgesia by hidden conditioning, while verbal suggestions were used to induce placebo analgesia in all previous studies [19] [20] [21] . Moreover, we used electrical stimulation to induce pain sensations, while in all previous studies pain was evoked by contact heat [19] [20] [21] . It seems that thermal pain may better mimic naturally occurring pain [32] ; therefore, it is possible that the experimental procedure that was used in the previous studies may be more useful to answer some of the questions related to pain.
To sum up, our study suggests that pain-related fear (state) seems to be a more important factor than expectancy of pain intensity in producing the placebo analgesia induced by hidden conditioning. Our results did not confirm the role of dispositional fear in predicting placebo analgesia. 
Strengths and Weaknesses of the Study
Our study is one of just a few investigations in which the effects of hidden and open conditioning have been compared. This is also the first study in which the effects of fear of pain on placebo analgesia induced by hidden conditioning have been investigated. Moreover, our sample size was rather large compared with the sample sizes of previous studies on the mechanisms of placebo effects. Our detailed screening procedure allowed us to control for many potential confounders, such as age, mood, and health problems. Using a colored lights rather than placebo cream paradigm prevented the effects of previous experiences with active treatment creams that might have biased the study's results. Finally, the colors of the light stimuli were counterbalanced to prevent the influence of the colors of conditioned and control stimuli on our study's results.
Nevertheless, the fact that all the study variables relied on self-report is a limitation; however, this is also the case in most of the studies on the mechanisms of placebo effects [1, 26, [33] [34] [35] [36] [37] [38] . Second, only females participated in the study, and the results may not be generalizable to males. However, the results of our study can be compared with the results of previous research as they are not biased by gender differences in pain perception and as females participated in many of the previous studies on the mechanisms of placebo effects [2, 34, [38] [39] [40] [41] . Third, although the effect of hidden conditioning found in our study is statistically significant, it is quite small (g 2 ¼ 0.12). However, it was induced by classical conditioning only, without any verbal suggestions, which is not always the case. A few previous studies found that both classical conditioning and verbal suggestions are needed to induce placebo effects [5, 6, 42] . From this perspective, even a small effect of pure conditioning seems to be both theoretically and clinically important. Fourth, the strict application of the inclusion criteria proposed by Gierthmü hlen and collaborators [22] ensured that only healthy volunteers participated in the current study and the results were not influenced by uncontrollable factors related to health. As a consequence, the results of our study should not be directly applied to clinical groups. However, it should be emphasized that the current study is basic research aimed at investigating the mechanisms of placebo effect, not a clinical study. Fifth, although experimentally induced pain in healthy volunteers seems to be a good model of clinical pain [43] , experimental findings might not be directly transferable to clinical settings. Sixth, the color of the light was the only stimulus associated with the changes in pain levels in our study; we did not use a placebo intervention in a narrow sense. However, even if no inert treatment is administered, the effect of some experimental (or clinical) manipulations can be called a placebo-related effect [44] . In our study, conditioning (i.e., reducing the painful stimuli preceded by one color) indeed was a kind of manipulation that induced placebo effect. We used color stimuli without any other intervention because we did not want to confound those two different factors that might have been affected by conditioning. However, despite this difference in the procedure of our and previous studies, we found similar results [2, [7] [8] [9] . Figure 4 Between and within-group comparisons of mean pain intensity, expectancy of pain intensity, and fear ratings. The placebo analgesia was induced only in the hidden conditioning group and corresponded with significant differences in fear and expectancy between the placebo and control stimuli. *P < 0.05, **P < 0.01, ***P < 0.001. Error bars represent the SE. NRS ¼ numeric rating scale.
Conclusions
We found that placebo analgesia was induced by hidden rather than open classical conditioning. Moreover, the differences in fear as a state, rather than expectancy of pain intensity, were involved in the placebo analgesia induced by hidden conditioning. The results of our study may have important implications for both pain research and medical practice. They suggest that when studying the mechanisms of placebo effects, fear as a state should be controlled. An assessment of the individual level of fear should also be performed in the context of pain management as it seems to be a crucial factor in the effectiveness of placebo interventions and also may be important in the effectiveness of active treatment. Moreover, expectancy of pain intensity ratings should be collected in studies of placebo effects when conclusions about the role of expectancy of pain intensity are to be drawn. Finally, hidden rather than open conditioning is an effective method to induce placebo analgesia in experimental studies, and it is possible that the same may be the case in clinical settings. Table 6 Results of stepwise regression analyses on each group, with the difference in pain intensity ratings as the dependent variable and fear of pain, differences in fear ratings, and expectancy of pain intensity as independent variables* Group †
Step No. 
